Background and purpose -The US Food and Drug Administration and the UK Medicines and Health Regulation Agency recommend using MRI in the evaluation of patients with large-diameter metal-on-metal (LD-MoM) hips. Such recommendations do not take into account the relevance of repeated cross-sectional imaging. We therefore investigated the natural course of pseudotumors in patients with LD-MoM hip replacements.

Wear-related adverse soft tissue reactions remain a major concern in patients who have received large-diameter metalon-metal (LD-MoM) hip replacements. The umbrella term ARMeD (adverse reactions to metal debris) has been proposed to describe all variable manifestations of these reactions (Langton et al. 2010) . Intra-capsular findings include metallosis, synovitis, synovial hypertrophy, and capsular necrosis (De Smet et al. 2008 , Nishii et al. 2012 . In some patients, ARMeD may manifest as an aggressive pseudotumor. Magnetic resonance imaging (MRI) features of pseudotumors adjacent to MoM devices vary greatly (Hart et al. 2012 , Hauptfleisch et al. 2012 , and there is no consensus regarding the definition of pseudotumor. Pseudotumors appearing partly or fully solid in MRI have been reported to require revision most often (Hauptfleisch et al. 2012) . Massive periarticular tissue destruction including osteolysis and tendon avulsion can be found in some of these cases (Fang et al. 2008 , Toms et al. 2008 , Chang et al. 2012 , Hayter et al. 2012 ). However, occasionally only a thinwalled extracapsular fluid collection adjacent to a MoM hip is detected (Nishii et al. 2012) .
The clinical significance of these bursa-like or cystic pseudotumors with typical fluid signals in MRI is not known (Hart el al. 2012 , Nishii et al. 2012 . This type of soft-tissue lesion has been reported in several papers in recent years, and some authors consider them to be pseudotumors (Hart et al. 2012 , Hauptfleischet al. 2012 ). However, these lesions have also been described in patients with metal-on-polyethylene and ceramic-on-ceramic hips (Carli et al. 2011 , Mistry et al. 2011 . The natural history of these lesions is, however, largely unknown.
Both the US Food and Drug Administration and the UK Medicines and Health Regulation Agency recommend using MRI in the evaluation of patients with LD-MoM hips (Medicines and Healthcare Products Regulation Agency 2012, U.S. Food and Drug Administration 2012). Recommendations do not take into account the relevance of repeated cross-sectional imaging. In a recent study, no relevant changes were seen after 1 year in 14 hips with a pseudotumor using repeated MR imaging (van der Weegen et al. 2013) . In a larger study, progression in MRI was seen in 15 of 103 MoM 28-mm total hip replacements (THRs) (Ebreo et al. 2013) .
Our main aims were (1) using MRI, to investigate the natural course of pseudotumors in patients with LD-MoM hip replacements who did not require revision surgery, and (2) to determine whether any new pseudotumors emerged in this cohort during the follow-up. A secondary aim was to document the temporal changes in these patients regarding MRI findings, clinical outcomes, and whole-blood chrome (Cr) and cobalt (Co) levels.
Materials and methods

Screening program
After the medical device alert from the MHRA (Medicines and Healthcare Products Regulation Agency 2012) regarding ASR hip resurfacings and ASR XL total hip replacements, we established a screening protocol to identify possible articulation-related complications in patients who had received either of these implants at our institution. The screening protocol has already been described in detail (Reito et al. 2013) . In short, all patients received an Oxford hip score questionnaire, underwent physical examination at our outpatient clinic, and were also referred for whole-blood metal ion (chrome and cobalt) measurements, plain hip radiographs, and cross-sectional imaging. Our primary imaging modality was MRI. Ultrasound scanning (USS) was used if MRI was contraindicated or if the patient suffered from claustrophobia.
Indications for repeated MRI
The indications for repeated MRI are listed in Table 3 . Asymptomatic patients without any abnormal findings in primary MRI or USS, with whole-blood metal ion levels of less than 5 ppb, and who were also asymptomatic, were assigned for regular follow-up visits at 1-to 2-year intervals. These patients had physical examination and plain radiographs together with whole-blood metal ion analysis routinely repeated at each follow-up visit. If either whole-blood Cr or Co exceeded 5 ppb or the patient had become symptomatic, cross-sectional imaging was repeated. Borderline cases, i.e. patients with some abnormal findings (e.g. slightly elevated blood metal ions without any other findings) were scheduled for re-evaluation in 6-12 months. In most of these patients, both whole-blood metal ion measurement and cross-sectional imaging were repeated at the time of the re-evaluation. Moreover, repeated imaging was also done in some patients who had been scheduled for revision in order to update the current status of soft-tissue masses and to investigate their dimensions before revision surgery.
Cross-sectional imaging
In the early phases of the screening program, all MRI findings were evaluated prospectively by a musculoskeletal radiologist using a modified Norwich classification (Anderson et al. 2011) . Since September 2012, we have used the Imperial classification in the evaluation of MRIs (Hart et al. 2012) . Furthermore, all MRIs performed before September 2012 were also re-classified retrospectively by the same radiologist using the Imperial classification. The locations of the pseudotumors were categorized-based on their anatomical location-as being either trochanteric (posterior) or iliopsoatic (anterior).
Study population
For the purposes of the present study, we identified all ASR patients who had had 2 complete follow-up visits at our institution after initiation of the screening program (including Harris hip score (HHS) and whole-blood metal ion measurements). Of the 888 ASR patients (1,036 hips), 63 (70 hips) were lost to follow-up, had died, or had been revised before the screening was initiated (Figure 1 ). 144 patients (152 hips) had had only 1 follow-up visit. 76 patients (76 hips) had been revised, 5 patients had died (5 hips), and 18 patients (22 hips) were lost to follow-up after the first visit. In 45 patients (51 hips), the second follow-up visit had been postponed beyond 3 
Results
We identified 124 patients who had undergone repeated clinical assessment including MRI and whole-blood metal ion assessment (154 hips). There were 90 unilateral patients, 30 bilateral patients, and 4 patients who had had their other hip revised before the second follow-up visit (Table 1) . Median values of HHS and whole-blood metal ion levels at the time of the imaging are given in Table 2 . Median follow-up time before the first MRI was 3.8 (1.5-7.3) years for the whole cohort. Median time between the 2 MRIs was 19 (4.8-32) months for the whole cohort. Indications for the repeated MRIs are listed in Table 3 . A change in classification in imaging findings between the 2 MRIs was seen in 17 of the 154 hips (11%, CI: 7-17). In 13 hips (8%, CI: 5-14)-13 patients (10%, CI: 6-17)-a significant progression of the pseudotumor was evident, while in 4 hips (3%, CI: 0.1-7)-4 patients (3%, CI: 0.1-8)-there was a retrogressive change. 6 of the patients with unilateral THR (9%, CI: 3-12) had a progressive change and 5 of the 18 patients with bilateral THR (28%, CI: 8-36) had a progressive change (Table 4 ). 11 of the 13 patients with significant pseudotumor progression had THR and only 2 had HR. Patients with a progressive change in the scans were not significantly different from those without a significant change in MRI regarding follow-up time, time interval between MRIs, and changes in whole-blood Cr and Co levels between assessments (Table 3) . Due to the small number of HR patients with progressive change, we only analyzed the THR group. 10 of the 13 hips with significant pseudotumor progression had a normal first MRI (Table 5 ). 7 of them revealed a cystic pseudotumor (PT) of class 1 and 3 a thick-walled PT of class 2 in the second scan. In 3 hips, a thin-walled cystic PT (class 1) had developed into a thick-walled one (class 2A or 2B) in the second MRI. In 4 hips with retrogressive change, a cystic PT (class 1) seen in the first MRI could not be seen any more in the second MRI. There was no significant change in any of the 13 patients (18 hips) in which the second MRI was done less than 12 months after the first one (Figures 2 and 3) . 20 THR patients (21 hips) had a follow-up time of less than 2.5 years before the first MRI. A significant change in the second MRI was only seen in 1 of these patients (5%, CI: 0-15). In the HR group, only 1 patient who had a progression had a follow-up time of less than 2.5 years. Most of the significant changes were seen in MRIs performed 1-2 years after the initial MRI, or more than 3 years from the primary operation (Figures 4  and 5) .
Cystic PTs (class 1) were mostly located in the trochanteric area in both MRIs (p = 0.002 for the first MRI, and p < 0.001 for the second MRI). We therefore studied the natural history of pseudotumors in patients with LD-MoM hip replacements, whether any new pseudotumors emerged during follow-up, and what factors, if any, would predict progression of these lesions. Also, the possible relationship between the imaging findings and symptoms and whole blood metal ion levels was studied. We acknowledge that our study had a few limitations. Firstly, median time from index operation to the first imaging was 4.7 years. There were only a few patients with a follow-up time of less than 2 years. This would have resulted in selection bias. We assume that especially patients susceptible to ALVAL (aseptic lymphocytic vasculitis-associated lesions), who had developed an aggressive pseudotumor early, may have been revised at an early stage and would not have been available for second MRI. However, longitudinal imaging in patients with an aggressive and symptomatic pseudotumor may not even be relevant, since these cases do not represent a diagnostic dilemma. Moreover, repeated imaging may be more relevant in borderline cases, such as those with a thin-walled cystic lesion, those who have become symptomatic during follow- a 10 of the 13 patients with a progressive change had a normal first scan. b In 3 hips, a thin-walled cystic pseudotumor had developed into a thick-walled pseudotumor in the repeat MRI. c In 4 hips with retrogressive change, an originally diagnosed pseudotumor could not be seen in the repeat MRI.
up, or those in whom increasing blood metal ion levels are seen. Secondly, the MRI results were analyzed only once and by only 1 observer, so the intra-and interobserver reliability remains unknown. The clinical significance of thin-walled fluid collections with typical MRI fluid signals is unknown. Recently, this kind of soft tissue lesion has been reported around MoM hips in several papers, and some authors consider them to be pseudotumors (Hart et al. 2012 , Hauptfleisch et al. 2012 ). However, similar lesions have also been described in patients with metal-on-polyethylene and ceramic-on-ceramic hips (Carli et al. 2011 , Mistry et al. 2011 ). An unknown aspect of these fluid collections is their possible progression to thick-walled pseudotumors with atypical fluid signals, or to solid masses, Time to first MRI (left) was 7.7 years. The time elapsed between imagings was 18 months. Both times, whole-blood Co and Cr remained below 4 ppb. MRI was repeated as a control imaging in the annual follow-up visit due to joint effusion seen in the first scan. However, development of a type-2A pseudotumor was seen. Figure 5 . A man with ASR XL THR who was 69 years old at the index operation. Time to first MRI (top) was 2.3 years. The time elapsed between imagings was 2.5 years. Both times, whole-blood Cr remained below 4 ppb. Whole-blood Co increased from 7.2 ppb to 16 ppb. MRI was repeated due to increase in whole-blood Co levels and occurrence of stiffness in the operated hip. Control imaging revealed a newly formed cystic lesion (type 1).
which may cause massive soft-tissue destruction. We observed a thin-walled fluid collection in 27 hips in the first MRI. In most of these cases (20 of 27), the second MRI did not reveal any significant change. In 3 hips, the lesion had progressed to a thick-walled one, and in 4 hips the thin-walled lesion seen in the first MRI could no longer be seen in the second MRI.
Our results show that some of the thin-walled fluid collections changed with time. Some of them clearly progressed to a thick-walled pseudotumor, while others resolved. Fluid collections unrelated to the hip joint may be signs of local inflammation in the bursa. However, in cases with pseudotumor-like progression, the joint space may have become adjacent to the enlarged bursa and the wear debris may have caused pseudotumor tissue formation in the bursa. Based on MRI findings alone, it is often difficult to decide whether the lesion is only an inflamed bursa or a thin-walled pseudotumor with the potential to progress and cause soft-tissue destruction.
To our knowledge, results of repeated MRIs and longitudinal findings in patients with MoM hip replacements have only been reported in 2 publications. Ebreo et al. (2013) stated that late development or progression of soft-tissue lesions is uncommon in patients with a small-head (28-mm) MoM THR. In the present study, most changes appeared between 12 and 24 months of the first MRI. Thus, this may be the most beneficial time interval for repeated MR imaging. The proportion of hips in which development or progression of an extracapsular soft-tissue reaction was seen in the repeated MRI scan was remarkably similar in the study by Ebreo et al. and in the present study (11% and 15%, respectively). In the study by Ebreo et al., median time to first MRI (over 5 years) was longer than that in our series (3.8 years). Van der Weegen et al. (2013) found that asymptomatic pseudotumors showed little or no variation over 1 year. Their study was case-control in nature, so the prevalence of change cannot be derived from it. Ebreo et al. did not report the indications for repeated MRI and they-along with van der Weegen et al.-used the Norwich classification for MRI findings, whereas we used the Imperial classification (Sabah et al. 2011 , Hart et al. 2012 . The Norwich classification does not distinguish between cystic lesions and thick-walled pseudotumors, so the results are not entirely comparable (Anderson et al. 2011) .
Most of the hips without any abnormal soft-tissue lesions in the primary MRI also had normal findings in the second MRI. In these patients, only 1 thick-walled pseudotumor could be found in the second MRI. Based on this finding, routine rescanning of patients without any abnormal soft-tissue lesions in the first MRI does not appear to be justified. But how do we find the patients who are prone to progression of cystic lesions, or to development of new lesions? 29 patients were re-imaged due to increasing hip pain, and 7 patients due to persistent hip pain. The second MRI did not reveal any new thick-walled pseudotumors in these patients. In 60 patients with repeatedly or newly elevated whole-blood metal ion levels (> 5 ppb), the second MRI revealed development of a new thick-walled pseudotumor in 3 patients and a new thin-walled lesion in 6 patients. Thus, progression was seen in 15% of the cases that were re-imaged due to elevated blood metal ion levels.
The current guidelines regarding surveillance of patients with MoM implants do not take a stance on the role of repeated cross-sectional imaging (Medicines and Healthcare Products Regulation Agency 2012, U.S. Food and Drug Administration 2012). In the present study, 154 hips underwent repeated MR imaging. In 13 hips, a significant change-i.e. development of a new soft-tissue lesion or progression of the lesion seen in the first MRI-was observed. Thus, a significant change was rare, considering that all patients had a clinical indication for repeated imaging. Our results confirm an earlier conclusion that repeated MRI offers little or no new information if it is performed less than 1 year after the first MRI, or with followup of less than 3.5 years from the primary operation (van der Weegen et al. 2013) . Moreover, repeat MRI appears to be less useful in patients with HR. Furthermore, routine re-scanning of patients with no soft-tissue findings in the primary MRI does not appear to be beneficial. How to choose the patients for re-scanning remains a clinical problem, since progression of the findings does not appear to correlate clearly with symptoms or whole-blood metal ion values, although change in imaging findings was more prevalent in the latter group. Further studies to answer this question are warranted, and especially to study the exact clinical relevance and behavior of cystic lesions seen around MoM hips, to fully understand the clinical implications of our findings.
